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ABSTRACT

AST-120 (KREMEZIN®) consists of oral, spherical carbon particles that adsorb uremic toxins and
their precursors within the gastrointestinal tract, allowing them to be excreted in the feces.
Uremic toxins such as indoxyl sulfate and p-cresyl sulfate are abundant in the blood of chronic
kidney disease (CKD) patients and are related to the progression of both CKD and cardiovascular
disease. AST-120 was approved in Japan in 1991 followed by Korea (2004), Taiwan (2007) and
the Philippines (2010) for treating uremic symptoms and prolonging the time to initiation of dia-
lysis in patients with progressive CKD. In this review, we provide an overview of the past clinical
data on AST-120 from 1982 to 2013. The effect of AST-120 for renal events was not supported in
the primary analysis of randomized clinical trials. However, post-hoc analyses revealed significant
differences between the AST-120 and control groups in the second Japanese phase Ill trial and
in the multinational Evaluating Prevention of Progression in CKD (EPPIC) trials. Furthermore,
inhibitory effects on the progression of CKD, as represented by amelioration in the estimated
glomerular filtration rate (eGFR) decline and serum creatinine (sCr) elevation were suggested.
These results suggest that AST-120 delays the decline in renal function. In addition, AST-120 may
prolong the time to the initiation of dialysis, especially in patients with progressive CKD. For fur-
ther verification of the clinical efficacy of AST-120, future study inclusion criteria should be deter-
mined carefully, defining progressive CKD using markers such as declines in eGFR and
sCr elevation.
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Introduction uremic toxins, such as indoxyl sulfate (IS) and p-cresyl
sulfate (PCS), is related to the progression of CKD and
cardiovascular disease [4-8]. One possible mechanism
of the action of AST-120 is that it adsorbs uremic toxins
and their precursors within the gastrointestinal tract,
allowing them to be excreted in the feces before they
can be absorbed into the bloodstream. For example,

indole, a precursor of IS that is derived from the metab-

Chronic kidney disease (CKD) is a serious healthcare prob-
lem, which can lead to end-stage renal disease (ESRD)
requiring dialysis or kidney transplantation. CKD is associ-
ated with high morbidity and mortality from cardiovascu-
lar disease [1]. The worldwide prevalence of ESRD is
increasing yearly. Two major causes of CKD are diabetes

and nephrosclerosis due to hypertension and current
CKD treatments focus on managing blood sugar levels
and blood pressure. AST-120 (KREMEZIN®), an alternative
CKD treatment, is an oral spherical carbon adsorbent con-
sisting of porous carbon particles that are 0.2-0.4 mm in
diameter and insoluble in water. AST-120 treats uremic
symptoms and prolongs the time to initiation of dialysis
in patients with progressive CKD. In 1991, the Japanese
regulatory agency approved AST-120, followed by Korea
(2004), Taiwan (2007) and the Philippines (2010).

Uremic toxins are abundant in the blood of CKD
patients [2,3]. The accumulation of microbiota-derived

olism of tryptophan by bacteria within the gastrointes-
tinal tract is adsorbed by AST-120, thereby attenuating
IS accumulation in patients with CKD [9-11].

AST-120 has been prescribed to CKD patients for over
two decades, and clinical data have been obtained from a
number of prospective and retrospective studies [12,13].
The efficacy of AST-120 has been reviewed in some prior
articles [14-17]. In the present review, we provide an over-
view of the past clinical data on AST-120 from 1982 to
2013, including post-hoc analyses, and have also included
recent findings. Randomized clinical trials are included,
which were conducted in the premarket period and
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became the basis for the drug approval in Japan. In add-
ition, recent large trials, such as the multinational
Evaluating Prevention of Progression in CKD (EPPIC) trials
and the Kremezin Study against Renal Disease Progression
in Korea (K-STAR), are included as shown in Table 1.

Premarket trials in Japan

To assess the efficacy and the safety of AST-120 in CKD
patients, two phase I, double-blind, placebo-con-
trolled, multicenter trials were conducted in Japan prior
to approval of the drug in 1991.

First phase lll trial

The first phase Il trial of AST-120 evaluated its efficacy
and safety in 156 patients with CKD at 25 hospitals from
1982 to 1983 [18]. The patients had serum creatinine (sCr)
levels between 5 and 8 mg/dL. Each patient received AST-
120 or a placebo for 24 weeks, in addition to conventional
treatment. Each patient received 3.6 g/day for the first
4 weeks, and then the dosage was increased to 5.4 g/day,
if possible for an additional 4 weeks. Thereafter, the dose
could be increased up to 7.2g/day at the investigator's
discretion. After 24 weeks, there were no differences
between the AST-120 group and the placebo group with
regard to final global improvement, overall safety, global
utility, hemodialysis score, final sCr improvement and final
hematocrit improvement ratings.

In a post-hoc analysis, the slope of the regression
curve of the reciprocal of sCr (1/Cr slope) was analyzed.
The slope of 1/Cr plotted against time indicates the rate
of progression of CKD, such as a decrease in the num-
ber of functioning nephrons. A larger negative slope
suggests a rapid rate of progression of CKD [19].
Among the patients in the study, 25 patients in the
AST-120 group and 28 patients in the placebo group
had significantly negative 1/Cr slopes at the beginning
of the trial. Within this subset of patients, we found a
significant attenuation in the 1/Cr slope over the course
of the trial in the AST-120 group (—401%343 to
—178+£192, p<.01, W test: Wilcoxon matched pairs
signed-rank test), whereas no significant change was
seen in the placebo group (—315+251 to —191 +204).
These results suggested that it is possible to assess the
efficacy of AST-120 within a short period of time, such
as 24 weeks, in patients with fast-progressing CKD.

Second phase il trial

Informed by the above results, a second phase Il trial
was conducted from 1984 to 1986. This trial included a

24-week observation period prior to the 24-week dou-
ble-blind treatment phase. Evidence of sCr levels within
the range of 5-8 mg/dL, as well as an increase in sCr of
>1.2mg/dL during the 24-week observation period,
were required for inclusion in the treatment phase of
the study.

The study sample included 244 patients with CKD
from 41 hospitals. All patients received AST-120 or a pla-
cebo, in addition to conventional treatment, for 24 weeks
[20]. The dose of AST-120 was 4.2g/day for the first
2weeks, which was then increased to 6.0g/day. The
drug was packed in sets of four cases: two cases of the
drug and two cases of placebo. Each case contained 12
packs and each pack contained a 2-week supply of the
drug or placebo. Patients were randomly assigned to
receive a case of either the drug or the placebo. The con-
trollers confirmed that the placebo packs were indistin-
guishable from the AST-120 packs, and a key code was
retained by a double controller method. A third party
contracted by the controller confirmed the contents and
quality of the study drugs using a random sample.

The study analyzed 122 patients in the AST-120
group and 119 patients in the placebo group. The
investigators assessed the improvement rating of the
change in 1/Cr with time, improvement rating of uremic
symptoms, global improvement rating, overall safety
rating and global utility rating. Symptoms associated
with CKD (anorexia, nausea, halitosis and itching) were
assessed at study initiation and every 4 weeks during
treatment. The 1/Cr slope was assessed by the evalu-
ation committee.

After 24 weeks, the AST-120 group was significantly
more likely to receive a rating of ‘improved’ or better in
the change in 1/Cr compared to that of the placebo
group (43% of the AST-120 group and 24% of the pla-
cebo group, p < .01, 2 test). AST-120 therapy was asso-
ciated with significantly higher scores for symptom
improvement and significantly lower scores for symp-
tom aggravation compared with that of the placebo.
Within the AST-120 group, 22% received a rating of
‘improved’ in uremic symptoms compared to 8% in the
placebo group (p <.01, y* test). A global improvement
rating based on the improvement in the change of 1/Cr
with time and uremic symptoms was 45% in the AST-
120 group and 22% in the placebo group for ‘improved’
or better; thus, the AST-120 group showed significantly
superior results compared to those from the placebo
group (p <.001, ¥* test). No significant difference was
observed between the two groups in overall safety rat-
ing. The frequencies of adverse events were compar-
able between the two groups (6.6% in the AST-120
group and 9.2% in the placebo group). The major
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Table 1. Continued.

Results
A difference between AST-120 and placebo

Parameters

Treatment

Patients

Approach

Reference

Country

Trial name

Primary endpoint: doubling of

day)+conven-
tional

474

[subgroup analysis]

[post-hoc]

Schulman

was observed in the primary endpoint
occurrence in the pooled analysis of

both trials.

sCr, initiation of dialysis or

transplantation

Progressive CKD with

UP/UCr >1.0

Randomized, dou-

et al. [26]

treatment

Hematuria(+) and

ACEi/ARB use
[subgroup analysis]

ble-blind, pla-

cebo-controlled

A difference between AST-120 and placebo

Primary endpoint: doubling of

464

Schulman

was observed in the primary endpoint
occurrence in the pooled analysis of

both trials.
After 36 months, there was no difference

sCr, initiation of dialysis or

transplantation

Per-protocol subgroup

from the USA

et al. [27]

Primary endpoint: doubling of

Cha et al. [28] Randomized, CKD stage 3 or 4 579 Conventional

Korea

K-STAR

between AST-120 and conventional treat-
ment with regard to primary endpoint.

sCr, 50% reduction in eGFR,
or the initiation of renal

replacement therapy
Primary endpoint: doubling of

treatment, AST-
120 (6 g/day)-

controlled

+conventional
treatment

After 36 months, there was no difference

465

[subgroup analysis]

[post-hoc]

Cha et al. [29]

between AST-120 and conventional treat-
ment with regard to primary endpoint.

sCr, 50% reduction in eGFR,
or the initiation of renal
replacement therapy

Per-protocol subgroup

Randomized,
controlled

ACEi/ARB: angiotensin-converting enzyme inhibitor and angiotensin Il receptor blocker; CKD: chronic kidney disease; sCr: serum creatinine; CrCl: creatinine clearance; eGFR: estimated glomerular filtration rate; UP/

UCr: urinary protein-to-urinary creatinine ratio; USA: United States of America.
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Figure 1. Kaplan-Meier analysis of event-free rate in the
second phase Il trial for composite endpoint [21].

treatment-related adverse events were gastrointestinal
symptoms such as constipation and abdominal disten-
sion. There were no serious adverse events. A global
utility rating of ‘moderately useful’ or better based on
both the global improvement rating and overall safety
rating was 48% in the AST-120 group and 23% in the
placebo group; therefore, the AST-120 group showed
significantly superior results versus the placebo group
(p <.001, ° test).

For cases in which 1/Cr slope data were available in
both the observation period and study period, the
mean value was attenuated in the AST-120 group (119
cases, —329+245 to -222+378, p<.001, Wilcoxon
matched pairs signed-rank test), whereas no significant
change was seen in the placebo group (118 cases,
-293+184 to -274 £ 279).

To assess the effect of AST-120 in delaying dialysis,
the time to initiation of dialysis was compared between
the AST-120 and placebo groups. The number of cases
where dialysis was initiated was fewer in the AST-120
group than in the placebo group (39 patients in the AST-
120 group versus 49 patients in the placebo group), but
there was no significant difference in the time to initi-
ation of dialysis between the two groups. However, a dif-
ference between the AST-120 and placebo groups was
observed in the time to composite endpoint (i.e., dou-
bling of sCr or initiation of dialysis, p < .05, Figure 1) [21].
The occurrence of doubling of sCr is used as a surrogate
endpoint for the progression of CKD. In addition, sub-
group analysis in progressive CKD with 1/Cr slope of
< —250 x 10> dL-mg~"-week ' (62 patients in the AST-
120 group and 59 patients in the placebo group)
revealed a difference in the initiation of dialysis between
the AST-120 and placebo groups (p < .05, Figure 2) [22].
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Figure 2. Kaplan—Meier analysis of event-free rate in the

second phase Ill trial based on subgroup analysis in progressive

CKD with 1/Cr slope < —250 x 107 dL-mg~"-week™' [22].

The above results suggest that AST-120 prolongs the
time to the initiation of dialysis. Based on these results,
AST-120 was approved in Japan in 1991 for treating
uremic symptoms and prolonging the time to the initi-
ation of dialysis in patients with progressive CKD.

Post-marketing drug use investigation

After AST-120 was approved in Japan, an investigation of
the drug’s use was conducted from 1992 to 1996 [23].
Data from 1865 CKD patients taking AST-120 (mean dos-
age of 4.9g/day) was gathered from 331 hospitals and
1848 patients were analyzed. The global improvement
rating, assessed by the same methodology as in the
second phase Il trial, was 52.3% for ‘improved’ or better.
For 1777 cases in which the 1/Cr slope data were avail-
able both before and after administration of AST-120,
there was a significant reduction in 1/Cr slope with AST-
120 treatment (-445+1,373 to -105+381, p=.0001,
Paired U-test). The major adverse drug reactions
reported from pre and post-marketing studies in Japan
were gastrointestinal symptoms, such as constipation,
anorexia, nausea/vomiting and abdominal distension at
4.51%. Based on the results given above, the clinical effi-
cacy of AST-120 was verified. AST-120 was approved
upon reexamination in Japan in 1998.

Carbonaceous oral adsorbent’s effects on
progression of CKD study

The Carbonaceous Oral Adsorbent’s Effects on
Progression of CKD (CAP-KD) study was conducted in
Japan from 2004 to 2007 to evaluate the efficacy and
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safety of AST-120 in 460 patients with progressive CKD
(sCr <5.0mg/dL with negative 1/Cr slope) [24]. All
patients followed a low-protein diet and took antihy-
pertensive medication [angiotensin-converting enzyme
inhibitor (ACEi) and/or angiotensin Il receptor blocker
(ARB)], and were randomized to either a control group
or a group treated with AST-120 (6 g/day). The compos-
ite primary endpoint was doubling of sCr, increase in
sCr level to >6.0 mg/dL, need for dialysis or transplant-
ation or death. Over the course of 56 weeks, the num-
ber of primary endpoint events (43 for control versus
42 for AST-120) and event-free survival did not differ
between the two groups.

The estimated Cr clearance, one of the secondary
endpoints, decreased more in the control group than in
the AST-120 group (—15% per year versus —12% per
year, relative to the baseline value, p=.001, linear
mixed model). Furthermore, the estimated glomerular
filtration rate (eGFR) decreased more in the control
group than in the AST-120 group (p<.001, linear
mixed model).

Similar to the results of previous studies, adverse
events involving the gastrointestinal system were much
more common in the group given AST-120. With those
events excluded, numbers of adverse events in the 2
treatment groups were nearly equal.

Trials that took place outside of Japan

Dose-ranging study in the United States
of America

From 2003 to 2004, a multicenter, randomized, double-
blind, placebo-controlled, dose-ranging study was con-
ducted in the United States of America (USA) to exam-
ine the effects of 3 daily doses of AST-120 in patients
with moderate to severe CKD, using serum IS as a par-
ameter [9]. The 164 patients were randomly assigned to
1 of 3 doses of AST-120 (0.9, 2.1 or 3.0g), or placebo, to
be taken 3 times daily for 12 weeks. AST-120 decreased
serum IS levels in a dose-dependent fashion. Based on
these results, the dose of 3 g, 3 times daily was adopted
as an optimal dose for the EPPIC trials.

Evaluating prevention of progression in CKD
(EPPIC) trials

From 2007 to 2012, the multinational, randomized, dou-
ble-blind, placebo-controlled EPPIC-1 and EPPIC-2 trials
were conducted in North America, Latin America and
Europe, to evaluate the effects of AST-120 on the pro-
gression of CKD when added to standard therapy [25].
The study included 2035 patients with moderate to
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severe CKD (sCr at screening, 2.0-5.0mg/dL for men
and 1.5-5.0mg/dL for women), whose blood pressure
was stable. If a patient was receiving antihypertensive
therapy, the treatment must have included either an
ACEi or an ARB unless contraindicated. Patients
received either AST-120 (9 g/day) or a placebo. The pri-
mary endpoint was a composite of dialysis initiation,
kidney transplantation and sCr doubling. The time to
primary endpoint was similar between the AST-120 and
placebo groups in each trial individually and in a
pooled analysis of both trials. In the pooled analysis, a
significant difference was observed in the change in
eGFR from baseline, one of the secondary endpoints
(p = .04, mixed-effect model).

In a post-hoc analysis, risk factors for the progression
of CKD were explored in the pooled analysis of both tri-
als. In a multivariate analysis using baseline parameters,
sex, urinary protein-to-urinary creatinine ratio (UP/UCr),
anemia, use of ACEi/ARB, hematuria, systolic blood
pressure, region (i.e., North/Central/Latin America and
Europe), and baseline sCr levels were associated with
the primary endpoint, and UP/UCr, hematuria and
region were associated with eGFR % change. It was
shown that the common covariates for the primary
endpoint and eGFR decline (i.e., UP/UCr >1.0 and
hematuria), were independent risk factors for both
ESRD occurrence and rapid disease progression in the
EPPIC trials [26]. In addition, the cumulative event-free
rates in the pooled placebo intent-to-treat (ITT) popula-
tion were lowest in hematuria-positive patients with
UP/UCr >1.0 at baseline [25]. In the subgroups with fac-
tors predicting rapid disease progression (i.e.,, UP/UCr
>1.0 and hematuria) and use of ACEi/ARB, additional
treatment with AST-120 reduced the risk of achieving
the primary endpoint (hazard ratio (HR): 0.74, 95% con-
fidence interval (Cl): 0.56-0.96). The declines in eGFR
from baseline in the AST-120 group were smaller than
the declines in the placebo group (p=.035). These
results suggest that treatment with AST-120 delays the
time to the primary endpoint in patients with progres-
sive CKD receiving standard therapy [26].

In another post-hoc analysis of the patients from the
USA, there was a significant difference between the
treatment groups in the time to achieve the primary
endpoint (HR: 0.74, 95% Cl: 0.56-0.97) in the per-proto-
col population with compliance rates of >67% [27]. For
that reason, the time to achieve the primary endpoint
in the American patients was similar to that projected
before the study.

In safety population, there was virtually no difference
in the rate of mild to severe treatment-emergent
adverse events in 2 treatment groups. The most

commonly reported treatment-related adverse events
in the AST-120 groups occurred in the gastrointestinal
system, which affected similar proportions of patients
in the placebo groups [25].

Kremezin study against renal disease progression
in Korea

From 2009 to 2013, the randomized, controlled Korean
study, K-STAR was conducted with 579 patients with
CKD stage 3 or 4 [28]. Patients were randomized to
receive either conventional treatment in the control
group or conventional treatment combined with AST-
120 (6g/day). The composite primary endpoint was
doubling of sCr, 50% reduction in eGFR or the initiation
of renal replacement therapy. Over 36 months, the two
treatment groups were not different in the occurrence
of the composite primary endpoint.

The result of a post-hoc analysis with the per-proto-
col group revealed that AST-120 patients with higher
compliance had fewer composite primary outcomes. In
addition, the eGFR was more stable in the AST-120 arm,
especially in diabetic patients [29].

In safety population, the rates of severe adverse events
were not different between two arms. Gastrointestinal
symptoms were more frequent in the AST-120 arm [28].

Discussion

We reviewed existing clinical data on AST-120, includ-
ing randomized clinical trials conducted in the premar-
ket period.

The time to initiation of dialysis is utilized as a major
outcome in many clinical studies of CKD. However, initi-
ation of dialysis is a late event in CKD, requiring a long
observation period and a large sample size to assess
accurately. Alternative endpoints to reflect the time to
initiation of dialysis are needed in clinical practice. The
results of a meta-analysis using 35 cohorts supported
using reduced eGFR declines (such as a 30% reduction
over 2years) as an alternative endpoint for CKD pro-
gression [30]. To assess the progression of CKD, sCr ele-
vation is also frequently used as a marker. In the
second phase Il trial, there was a significant difference
between the AST-120 and control groups in 1/Cr slope.
Furthermore, significant differences between the AST-
120 and control groups were observed for eGFR in the
CAP-KD study and EPPIC trials. These results support an
inhibitory effect of AST-120 on the progression of CKD.

In contrast, significant differences were not observed
between the AST-120 and control groups in the time to
renal events, such as the initiation of dialysis, in the



clinical studies described above. One possible explan-
ation for this is that the disease progression was more
gradual than expected in those studies. In the EPPIC tri-
als, the estimated median time to primary endpoints
for the placebo groups was 124 weeks with power cal-
culations, but the actual times were 189.0 and
170.3 weeks for EPPIC-1 and EPPIC-2, respectively [25].
In K-STAR, standard medical care was effective during
the study period because the eGFR declines were sig-
nificantly slowed after randomization in both the treat-
ment and control groups. Subgroup analysis allowed us
to observe a significant difference between the AST-120
and control groups for the time to initiation of dialysis
in the second phase Il trial, and for the time to com-
posite endpoint in the EPPIC trials. These results sug-
gest that AST-120 prolongs the time to the initiation of
dialysis, especially in progressive CKD.

In future trials to verify the efficacy of AST-120 in
prolonging the time to initiation of dialysis, the inclu-
sion criteria should be set carefully; defining progres-
sive CKD using markers such as sCr elevation and eGFR
decline is reliable [30]. During the screening process,
the progression of CKD should be confirmed using sCr
and/or eGFR during a pretreatment observation period.
In KDIGO guideline, a change in eGFR category con-
firmed by a minimal percentage of change in eGFR
(25% or greater) over a 1-year period is suggested as a
definition of CKD progression [31]. In a post-hoc analysis
of EPPIC trials, eGFR of patients supposed to be rapid
decliners (UP/UCr >1.0, hematuria and use of ACEi/ARB)
in placebo group decreased about 25% during first 48-
weeks of treatment period, similar to KDIGO suggestion
[26]. In a post-hoc analysis of second phase lll trial, the
progression was defined as 1/Cr slope
<—250x 10" dL-mg '-week ', using >7 measure-
ments of sCr in 24-weeks. As for studies in which so few
participants reached the primary endpoint and there
was no difference between groups, negative 1/Cr slope
using >4 measurements in 48-weeks was defined in
inclusion criteria in CAP-KD study, and neither sCr ele-
vation nor eGFR decline was evaluated for screening in
EPPIC trials. Results of the above studies suggest that 1/
Cr slope and/or eGFR could be used and more frequent
measurements would bring more reliable evidence for
the progression. On the other hand, it is reported that
there are many CKD patients have a non-linear GFR tra-
jectory or a prolonged period of nonprogression in con-
trast to the traditional paradigm of steady GFR
progression over time [32]. Higher baseline eGFR, male
sex, diabetes status, steeper eGFR slope, and non-renin-
angiotensin aldosterone-system antihypertensives are
supposed to be associated with a subsequent non-
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linear GFR trajectory [33]. Therefore, careful examin-
ation should be considered to evaluate the GFR decline
in the interventional trials. In addition, the results of
post-hoc analysis of the EPPIC trials suggested that urin-
ary protein is associated with the progression of CKD.
While urinary protein has been associated with CKD
progression in several trials [34], more evidence from
large-scale investigations should be obtained to use it
as a surrogate endpoint.

CKD progression can be affected by treatment. ACEi/
ARB are prescribed frequently for hypertensive therapy
in CKD patients today, which slows the progression of
CKD [35]. The efficacy of AST-120 was verified in CKD
patients who were taking ACEi or ARB in the CAP-KD
study and after subgroup analysis in the EPPIC trials.
AST-120 and antihypertensive medications may work
additively or synergistically on CKD, using different
mechanisms. However, there are various antihyperten-
sive medications, including ACEis, ARBs, calcium chan-
nel blockers and diuretics. The inclusion criteria in trials
should standardize concomitant medications, antihy-
pertensive medications in particular.

The background of CKD has changed during the two
decades from the second phase lll trial to the CAP-KD
study and EPPIC trials. The ratio of patients with dia-
betic nephropathy in the control group increased from
5% in the second phase llI trial [20] to 24% in the CAP-
KD study [24] and 40.4% in the EPPIC trials [25], while
the ratio of patients with nephritis decreased. In add-
ition, the rate of renal function decline during the study
period represented by sCr or eGFR was more rapid in
the second phase Il trial than in the CAP-KD study and
EPPIC trials. In the second phase Il trial and CAP-KD
study, the urinary protein was neither in inclusion nor
in exclusion criteria. Urinary protein/albumin concentra-
tion is known to be related to the incidence of renal
insufficiency in diabetic nephropathy [36,37]. That is,
the rate of CKD progression in patients with high urin-
ary protein concentration is assumed to be more rapid
than that with low urinary protein concentration. On
the other hand, there are reports that among normoal-
buminuric patients some patients do progressive [38].
In the above studies involving AST-120, diabetic nephr-
opathy patients would have involved various urinary
protein concentration and rate of CKD progression.
Today, disease including various backgrounds in con-
ventional diabetic nephropathy is named diabetic kid-
ney disease. One possible explanation why the efficacy
of AST-120 to reach the primary endpoint was not sup-
ported in recent studies is that the numerous CKD
patients with diabetic kidney disease, whose rate of
renal functional decline was various, extended the
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length of the study period. As mentioned above, defin-
ing CKD progression properly using sCr elevation and
eGFR decline, medications background and the cause
of CKD need to be considered.

One possible mechanism of the action of AST-120 is
the removal of uremic toxins and their precursors in the
intestines. The accumulation of uremic toxins, such as
IS and PCS, has been shown to be related to the pro-
gression of CKD and cardiovascular disease. The oral
administration of IS to uremic rats increased the sCr,
blood urea nitrogen levels and the glomerular sclerosis
index [4]. In addition to glomeruli, IS is toxic to various
cells. IS increased oxidative stress, enhanced expression
cytokine and inflammatory genes, and induced media-
tors for fibrosis in renal tubular cells [5]. Administration
of IS increased oxidative stress in rat kidney and admin-
istration of AST-120 ameliorated oxidative stress in CKD
rats [39]. IS may have a significant role in cardiovascular
disease such as arteriosclerosis [6,7]. IS inhibited cell
viability through oxidative stress in vascular endothelial
cells, and promoted aortic calcification and aortic wall
thickening in hypertensive rats [6]. From the cohort
study with 139 CKD patients, it was suggested that the
highest IS tertile is related to overall and cardiovascular
mortality (p=.001 and .012, respectively) [8]. AST-120
adsorbs indole, a precursor of IS derived from the
metabolism of tryptophan by bacteria within the
gastrointestinal tract. In a dose-ranging study with 164
CKD patients in the USA, AST-120 decreased serum IS
levels in a dose-dependent fashion [9]. Administration
of AST-120 reduced accumulation of IS and oxidative
stress followed by amelioration of endothelial dysfunc-
tion in CKD rats [40]. In nondiabetic CKD patients,
administration of AST-120 reduced arterial stiffness and
intima-media thickness [41]. Therefore, AST-120 attenu-
ates IS accumulation in patients with CKD and may
affect not only renal function, but also the cardiovascu-
lar system.

In addition to the above reports, clinical evidence for
relationships among uremic toxins, CKD progression
and CKD events, such as the initiation of dialysis is
expected. In K-STAR, the AST-120-induced decrease in
the serum IS concentration inversely correlated with
the occurrence of composite primary outcomes [29].
These results support the association of IS with eGFR
decline and CKD events.

In some reports, it was suggested that serum IS
starts to decrease early after AST-120 administration
[9,10]. The study period can be shortened when using
IS as a surrogate endpoint. Therefore, it seems more
reasonable to assess the efficacy of AST-120 by IS than
by renal function and CKD events. Because AST-120

adsorbs various substances in addition to IS, novel
markers that can be used to assess the progression of
CKD or cardiovascular disease may be found in future
research. Those substances may be associated with pro-
gressive factors such as hematuria and urinary protein,
which were identified from post-hoc analyses of the
EPPIC trials.

For CKD treatment, the approved dosage and admin-
istration of AST-120 is 6g/day orally as capsules and
fine granules. This high dosage makes it difficult for
patients to take AST-120 for extended periods. The
result of the post-hoc analysis with a per-protocol group
in K-STAR revealed that there were fewer composite pri-
mary outcomes for AST-120 patients with higher com-
pliance. This result suggests that it is necessary to
improve medication adherence in order to maximize
the efficacy of AST-120. In 2017, new dosage form (tab-
lets) of AST-120 was developed and is expected to
improve medication adherence.

In addition to adsorbents for uremic toxins derived
from the diet, a low-protein diet is generally encour-
aged to prevent the progression of CKD [42,43]. AST-
120 administration, concurrent with a low protein diet,
was superior to a low protein diet alone in inhibiting
the accumulation of IS [44]. In addition, the diagnosis of
renal function at dialysis initiation is different among
countries [27]. All of these differences may affect the
results of clinical trials. For further verification of the
efficacy of AST-120 in multinational trials, actual clinical
parameters in each country should be comprehen-
sively evaluated.

We reviewed past clinical data, consisting of random-
ized clinical trials of AST-120 that included the premar-
ket period and post-hoc analyses. In several trials, the
benefit of adding AST-120 was verified by primary ana-
lysis or post-hoc subgroup analysis. As for renal events,
post-hoc analyses revealed significant differences
between the AST-120 and control groups in the second
phase llI trial and in EPPIC trials, especially in patients
with progressive CKD. Although current CKD treatments
focus on managing blood sugar levels and blood pres-
sure to treat two major causes of CKD, diabetes [e.g.,
dipeptidyl peptidase-4 inhibitors (DPP-4i)/sodium glu-
cose transporter-2 inhibitor (SGLT-2i)] and nephroscle-
rosis (e.g., ACEi/ARB), there is no other alternative than
AST-120 that can be used for renal failure caused by
any primary disease only if the progression of disease is
confirmed. However, among previous studies involving
AST-120, the inclusion criteria (severity and progression
of CKD), patient baseline characteristics (cause of CKD,
concomitant medications and country), medication
compliance, study duration and outcomes (event



occurrence, 1/Cr slope and eGFR decline) were not
identical. Among the above parameters, blood pressure
controlled and hematocrit >30% were proposed as
determinants of AST-120 efficacy in diabetic nephrop-
athy [45]. UP/UCr >1.0, hematuria and use of ACEi/ARB
were proposed in a post-hoc analysis of EPPIC trials [26].
Because there are few investigations until now, further
investigations are expected in order to characterize the
patients who could have benefit by AST-120 treatment.
Standardization (e.g., with respect to the progression of
CKD and antihypertensive medications) might be essen-
tial to evaluate the clinical efficacy of AST-120 properly.
In addition, measurements of uremic toxins such as IS
could be meaningful to detect the progression of CKD
because the association of IS with eGFR decline and
CKD events is suggested according to the mechanism
of AST-120. Under the current circumstances in which
above various parameters, especially the background of
CKD and concomitant medications are changing over
time, the benefit of adding AST-120 in patients with
progressive CKD should be verified continuously in
studies reflecting actual clinical parameters. Researches
using real-world data such as the claims database, the
large-scale cohort study and the disease registry are
also expected because there could be enough data
involving AST-120 use by many patients for a
long time.

Conclusions

We reviewed existing randomized clinical trials on AST-
120. Results from these trials suggest that AST-120
delays the decline in renal function. In addition, AST-
120 may delay the initiation of dialysis in progressive
CKD via renoprotection. To verify the clinical efficacy of
AST-120 when used with standard therapy, further
randomized clinical trials are necessary in which the
inclusion criteria should be defined carefully, including
defining progressive CKD and standardizing various
parameters such as comedications and the cause
of CKD.
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